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Idiopathic membranous nephropathy in children. Based on
evidence obtained mainly from adult patients, membranous
nephropathy is generally described as a progressive disease that
leads to renal insufficiency. This paper presents the course of
the disease in a group of 9 children ranging in age between 2 and
16 years at clinical onset. Three of these children, all older than
10 years, two of them hypertensive when first seen, deteriorated
rapidly. Another group of three patients, younger than 9 years
and normotensive at onset, followed a benign course charac-
terized by prolonged remissions, preservation of normal kidney
function and in one of them morphological evidence of healing.
Yet another group of patients, ranging in age between 8 and
14 years and normotensive, maintained a normal function of
the kidneys after 8, 31/2 and 1 yr of continuous proteinuria and
hematuria. No progression was detectable on the renal biopsies
in two of these patients, performed after several years of obser-
vation. The relative benign course of the disease in the majority
of our patients and the morphological evidence of healing in one
of them suggest a better prognosis than that reported by previous
investigators. This might be particularly true for patients
developing the disease at a very young age.
Néphropathie membraneuse idiopathique de l'enfant. En fonction
d'arguments tires essentiellement de l'étude de sujets adultes la
néphropathie membraneuse est généralement décrite comme une
maladie progressive qui aboutit a l'insuffisance rénale. Ce
travail présente l'évolution de cette maladie dans un groupe de
9 enfants dont les ages s'échelonnaient entre 2 et 16 ans au
moment du debut clinique. Trois de ces enfants, âgés de plus de
10 ans, dont deux étaient atteints d'hypertension artérielle des le
premier examen, eurent rapidement line evolution défavorable.
Un autre groupe de 3 malades âgés de moms de 9 ans et dont
les pressions artérielles étaient normales au premier examen ont
eu une evolution bénigne caractérisée par des remissions pro-
longées, Ia conservation d'une fonction rénale normale et, chez
l'un d'eux, preuve morphologique de guérison. Enf in, un autre
groupe de malades, dont les ages s'échelonnaient entre 8 et 14
ans, et dont les pressions artérielles étaient normales, a conserve
une fonction rénale normale après 8, 31/2 et I an de protéinurie
et d'hématurie persistantes. Aucune aggravation n'a été observée
dans les biopsies rénales obtenues après plusieurs années d'obser-
vation chez deux de ces malades. La benignite relative de
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l'évolution de Ia maladie chez Ia majorité de nos malades et
la preuve morphologique de guérison chez l'un d'eux suggère flu
pronostic meilleur que celui rapporté antérieurement par d'autres.
Cela peut être plus particulièrement vrai pour les malades attei fits
a un très jeune age.
Improvements in the techniques of preparation and in
the interpretation of renal tissue obtained by needle biopsy
has resulted in a more precise characterization of morpho-
logic entities. Among these is the condition referred to as
membranous nephropathy (MN) [1—5]. The majority of
the patients with this lesion described in the literature have
been adults. Reports regarding the course of the lesion are
contradictory. The majority of American investigators
concur that the disease follows a progressive downhill
course [2—4], whereas those from Europe assert that as
many as 84% of patients enter complete clinical remission
within four years of observation [5]. A more recent study
of 33 patients from the United States documents progression
in 70% and disappearance of proteinuria in only 15% [61.
The present report is based on a study of nine children.
Three of them, all of whom were younger than 9 years at
clinical onset, developed long-standing remission; one
showed definite histologic improvement. Three patients,
all of whom were older than 10 years and two of whom
were hypertensive at clinical onset, have progressed to
renal insufficiency. The other three children, ages 8 to
14 years, continue to have proteinuria and hematuria but
renal function is well preserved. The observations suggest
a correlation between early age of onset and good outcome
in children with MN. Moreover, we have documented that
the renal lesion can regress morphologically with healing.
Methods
During an eight year period (1964—1971), 146 children
with idiopathic nephrotic syndrome (NS) and 53 children
with unexplained proteinuria or hematuria or both were
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investigated clinically and by renal biopsy. In nine (4.5 %)
of these patients, light microscopy revealed abnormalities
that were characteristic of MN. In seven children the
presence of typical subepithelial deposits was confirmed
by electron microscopy (EM); suitable specimens for EM
examination were not obtained in the other two patients.
None of the patients had histories or signs suggesting
diabetes mellitus, Henoch-Schonlein purpura, exposure to
toxic substances or systemic infection. L.E. cell preparations
or antinuclear antibody titers and serum levels of comple-
ment were normal in all of these patients prior to treatment
with steroids or alkylating agents and remained so during
the entire period of observation. Antistreptolysin-O titers
were also within normal limits.
Six of the patients were referred to us from other hospitals.
When first seen, five children had already been treated with
steroids or other immunosuppressive drugs, or both. The
interval between the apparent time of onset and that of
diagnosis ranged from 1 week to 8 months.
While the patients were under our care, the urine was
tested for protein by semi-quantitative methods every
morning for the first year, and once every week thereafter.
Quantitative determinations of urinary proteins, rates of
cellular excretion, and blood chemistries were performed
at intervals of about 1 week during the first 3 months of
observation and at 3 to 6 month intervals thereafter. Urea
and creatinine clearances and in some of the patients inulin
and PAH clearances were done initially and repeated every
3 to 6 months. Renal biopsies were performed initially in
all patients and repeated in 6 patients after 8 months to
6 years: one child had 4 biopsies, 2 children had 3, and
4 children had 2.
Nephrotic syndrome is defined in this report as severe
proteinuria (more than 40 mg/hr/m2 of body surface area)
with manifest edema and severe hypoalbuminemia (2.5 g/
100 ml or less); remission is defined as the disappearance
of edema, proteinuria, and hematuria, and the return of
serum albumin concentrations to normal values.
Specimens obtained by renal biopsy were fixed in Du-
boscq-Brazil fluid, and sections 2 to 4 t thick were stained
with hematoxylin and eosin, periodic acid-Schiff, periodic
acid-silver methenamine (Jones) and trichrome stains.
Additional material was fixed directly in 1 % osmium
tetroxide or 3 to 4% glutaraldehyde buffered with S-co I-
lidine and then osmicated. Blocks were processed rapidly
through graded alcohols and propylene oxide and weie
embedded in Epon 812. Sections cut for EM were placed
on copper grids and stained with uranyl acetate and lead
citrate. Sections of selected biopsies were stained for EM
with periodic acid-silver methenamine.
Results
Clinical course. A summary of the clinical courses is
presented in the Table 1. Four of the nine patients were
girls. The age at onset varied between 2 and 15 years. One
child has been observed for only 12 months (patient T.
McD.); the other eight patients have been followed for
18 months to 8 years.
Their clinical courses followed three different patterns.
Three of the patients, designated Group I, now have
marked hypertension and severely impaired renal function.
All of these three patients were older than 10 years of age
at the time of clinical onset, and two of them presented with
elevated blood pressure that was unrelated to steroid
therapy and disproportionate to the degree of renal
insufficiency. In one of these children kidney function was
normal and hypertension was only moderate at onset; it
became malignant during a period when the patient was
lost to follow-up and antihypertensive therapy was dis-
continued. Kidney function deteriorated progressively
thereafter, even though the blood pressure was again
brought under control. In the second hypertensive child
blurring of the optic discs and reduction of glomerular
filtration rate to 25 % of normal were documented as
early as 8 weeks after clinical onset of the disease. The third
Table 1. Membranous nephropathy
Patient Age at
Onset
Sex mit
BP
ial Ex
Prot.
aminati
RBC
ona
GFRb
Length of Obs.
years BP
Last Ex
Prot.
amination
RBC GFRb
years
Groupl H.S.
D.L
R.R.
10—6/12
15
15—9/12
M
F
M N
+
+
+
+
+
+
130
33
107
6
1.5
1.5
+
+
+
+
+
+
20
22
24
Group2 A.W.
B.D.
T.McD.
8—5/12
14—3/12
11-10/12
F
F
M
N
N
N
+
+
+
+
+
+
142
139
128
8
3.5
1
N
N
N
+
+
+
+
+
+
135
149
Group3 N.K.
G.T.
AL.
4—4/12
8—8/12
2—3/12
M
F
M
N
N
N
+
+
+
+
+
+
96
105
151
7
3.5
L5
N
N
N
—
—
—
—
+
—
143
140
156
a When first seen at this medical center.
b Creatinine clearance: mI/mm/I .73 m
Fig. I
Fig. 3
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Fig. 2
Fig. 4
Fig. 1 In a biopsy taken 6 months after clinical onset in patient N. K., examination by light microscopy shows normocellular glomeruli
with prominent capillary loops (Trichrome stain, X 400).
Fig. 2 Silver methenamine (Jones) stain of the same biopsy as Fig. I shows projections of "spikes" from the epithelial aspect of the
basement membranes. The endothelial aspect remains smooth ( x 1500).
Fig 3. EM of the same biopsy as Fig. 1 shows the glomerular wall to be thickened by granular, electron-dense deposits (D). The
deposits lie in a subepithelial position on the basement membrane (BM), and are separated by spike-like projections of basement
membrane-like material (arrows) that protrude from the membrane to the overlying epithelium. The foot processes of the epi-
thelial cells are fused, and there is increased cytoplasmic density in relation to the deposits. CL= capillary lumen; US= urinary
space (Reynold's lead citrate and uranyl acetate stain, x 19,500).
Fig. 4. EM of a biopsy taken I month after onset in patient A. W. shows extramembranous, poorly stained deposits (stars) that are sep-
arated by spike-like protrusions of basement membrane. The electron-dense basement membrane is extremely irregular in thickness
and appears to have been eroded by the deposits, one of which (arrow) perforates the basement membrane to contact the underlying
endothelium. CL= capillary lumen; US = urinary space (Periodic acid silver methenamine stain, x 11,600).
patient of this group exhibited no more than mild impair-
ment of kidney function and normotension early in the
course of the disease. Renal biopsy has been repeated in
only one patient of this group (H. S.); progressive glomer-
ular obsolescence appeared to have occurred.
Children in Group 3, all of whom were younger than
9 years, have had a benign clinical course. All were nor-
motensive at the onset of their disease. Two (A. L. and
G. T.) had sustained one or more episodes of edema
before medical care was sought. Both of them attained
complete remission; in one, a relapse occurred after a
period of almost 3 years. The third patient of this group
(N. K.) exhibited two brief periods of proteinuria before
his urine became protein-negative more than 5 years ago,
1—4/12 years after clinical onset of the disease. Repeat
renal biopsy specimens showed lack of progression in
1
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one patient, new deposits coincident with relapse in an-
other and definite improvement in the third.
The clinical courses of the remaining three patients,
Group 2, 8 to 14 years of age and normotensive at clinical
onset, occupied a mid-position between those of Groups 1
and 3. They have not yet experienced remission, but
normal kidney function has been maintained after 8, /2
and 1 year of continuous proteinuria and hematuria. Two
of these patients (A.W. and B.D.) were rebiopsied after
an interval of 4—5/8 and 2—4/12 years, respectively; progres-
sion of glomerular involvement was not found.
There is no evidence that differences in therapy might
account for the different outcome of these patients.
Renal morphology. Since the morphology of the renal
lesion presents many common features in these patients,
a general description will be provided for all biopsies; in
addition, the serial biopsy specimens of two patients (N. K,.
G.T.) in Group 3 will be described in detail.
Examination by light microscopy of all biopsies taken
within six months of clinical onset showed normocellular
glomeruli with diffuse, uniform thickening of capillary walls
Fig 5. Repeat biopsy of patient N.K. taken 20 months after
clinical onset and 2 months after disappearance of proteinuria.
It shows extension of the "spikes" to surround subepithelial
deposits, thus giving a bubbly appearance (Jones' silver methen-
amine stain, x 1500).
Fig. 6. Biopsy taken 20 months after clinical onset of patient D.L.
when renal function was considerably diminished. Of the three
glomeruli shown, two are scierosed and one remains functional
but shows sclerosis of one tuft. Interstitial fibrosis and tubular
atrophy are marked (PAS stain, x 125).
Fig. 7. EM of biopsy taken 1'/2 years after remission in patient
G. T. shows relatively fresh, granular deposits (D) overlying a
thickened and somewhat twisted basement membrane (BM). The
deposits are separated by spikes of basement membrane-like
material, and the epithelial foot processes are fused. Proteinuria
reappeared the day after biopsy. CL= capillary lumen; US=
urinary space (Reynold's lead citrate and uranyl acetate stain,
x 25,000).
(Fig. 1). With Jones' silver methenamine stain, characteristic
subepithelial projections or "spikes" were apparent (Fig. 2).
EM study of these biopsies (Fig. 3) showed the glomerular
capillary walls to be thickened by granular epimembranous
deposits. They occasionally had a washed out appearance,
possibly an artifact of processing, but were more often
electron-dense. The lamina densa of the basement mem-
brane was irregularly thickened by thin projections of
basement membrane extending between adjacent deposits
to the overlying epithelial cells. In two of the earlier
specimens, taken in the first month or two of disease, the
lamina densa appeared to be eroded by the deposits, which
seemed to extend through the lamina densa to contact
the underlying endothelium; silver methenamine stains of
EM preparations appeared to confirm this discontinuity
of the lamina densa (Fig. 4). Inflammation and mesangial
reaction were not seen.
Biopsies taken later than a year from clinical onset
showed, when examined by light microscopy, fusion of
the basement membrane projections, which appeared to
encircle the deposits (Fig. 5). Similarly, EM showed that
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Fig. 8. The final biopsy of patient N. K. was taken more than
6 years after clinical onset of the disease and after nearly 5 years
of remission. The basement membranes show a nearly normal
appearance. The "spikes" have disappeared but slight angulation
and irregularity remains (Jones' silver methenamine stain,
x 1500).
the spike-like projections of lamina densa appeared to extend
over the deposits, enclosing them at first in lacey strands of
basement membrane-like material and later in greatly
thickened basement membranes. At this stage the epithelial
cells were moderately swollen and unevenly fenestrated.
Epithelial cells were enlarged, the pedicles were fused, and
numerous elongated microvilli projected into the urinary
space. Changes in the mesangium were slight and were
limited to elongation of mesangial stalks. Rare projections
of mesangial cell cytoplasm into the capillary walls were
noted, but the mesangial cell reaction was negligible.
Granular extracellular material in the mesangium may
have been the remnants of partially resorbed deposits.
In biopsies from those patients with substantial diminu-
tion of renal function (Group 1), many glomeruli were
scierosed, and there were concomitant renal tubular
atrophy and interstitial fibrosis, as seen with light micro-
scopy (Fig. 6). EM showed that glomerular capillary
basement membranes were thickened, sometimes containing
granular remnants of deposits. The glomerular stalks
appeared to be elongated and coarsened by thick, linear
accumulations of basement membrane-like material. There
may have been collapse of individual capillary loops, the
stalk in that area then having a drawn-out appearance.
Mesangial sclerosis with deposition of granular and
fibrillary material was not seen.
In the three cases with prolonged remissions (Group 3),
biopsies taken early in the course of the disease revealed
the usual light and EM findings of MN. The second biopsy
taken in N. K. one year and in G. T. two years after the
onset of the disease showed in both cases histologic
abnormalities similar to those seen in progressive disease;
extension of "spikes" with encirclement of the subepithelial
deposits (Fig. 5). The third biopsy, however, taken 3 years
(G.T.) and 4 years (N.K.) after the onset, documented
striking diminution of the subepithelial projections but
with residual irregularity and variability in thickness of the
glomerular basement membrane. EM study of one of these
biopsies (G.T.) disclosed what appeared to be fresh,
granular, electron-dense deposits superimposed on a some-
what irregular and slightly thickened basement membrane,
which protruded to separate them (Fig. 7). The fresh
deposits lay directly beneath the epithelial cells which, in
turn, displayed marked fusion of the foot processes. Some
of the "old" deposits were partially covered by basement
membrane and appeared to have been largely resorbed or
partially incorporated into the lamina densa. There was
slight swelling of capillary endothelial cells, but the mes-
angial cells were not more prominent than before. The
basement membrane-like material in the stalks was,
however, slightly increased and thickened by a granular
accumulation. The epithelial cells were still moderately
swollen, with partial fusion of foot processes.
A final biopsy was performed on N. K., 6 years and
3 months after onset. The only residual abnormality seen
on light microscopy was slight intermittent angulation of
the basement membranes (Fig. 8). EM revealed all but
complete resorption of deposits (Fig. 9). The basement
membranes, however, were gnarled and thickened, and the
lamina densa of the capillary loops appeared to be con-
tinuous over bridges of basement membrane in the stalks
of the glomerular tufts. The mesangial stalks seemed to
remain elongated, containing central cords of cells encased
in thick basement membranes and covered by epithelial
foot processes.
Discussion
MN is a pathological entity. Characteristic of this lesion
is diffuse thickening of the capillary walls by subepithelial
deposits. The deposits, which are nonargyrophilic with the
periodic acid-silver methenamine stain for capillary base-
ment membrane, have been shown to contain immuno-
globulins, particularly JgG and complement [7—9]. After
silver impregnation the deposits appear to be separated by
spike-like projections of the basement membrane [1, 7, 11].
Capillary wall thickening due to other types of deposits and
thickening of the basement membrane per se can be
differentiated by their morphologic features.
Clinically, the majority of patients with MN present with
a nephrotic syndrome and almost invariably have hematuria.
Asymptomatic proteinuria as the only symptom is excep-
tional. Proteinuria usually is nonselective. Serum comple-
ment levels remain normal.
Since the disease appears to be less frequent in childhood
than in later life [15], most information about its natural
history has been derived from studies of adult patients. The
course of the disease is generally described as being charac-
terized by continuous progression towards renal insuffi-
ciency. Disappearance of proteinuria occurs rarely and it
was considered that renal lesions persist or progress [2—4],
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Fig 9. EM of the same biopsy as Fig. 8 shows resorption of the deposits. The residual abnormality in the basement membrane (BM)
is interpreted as a form of scarring. The membranes are irregularly thickened and have a gnarled contour, appearing to be con-
tinuous across the capillary stalks. Apparently entrapped mesothelial cells lie between the leaves of thickened basement membrane.
The podocytes have a coarse appearance, although individual foot-processes are visible. CL= capillary lumen; US= urinary space
(Reynold's lead citrate and uranyl acetate stain, x 7,200).
even during prolonged, complete, clinical remission. Only
recently, Baridty et al were able to demonstrate that histo-
logic improvement can occur in adults who were in long
remission [7,201. Such an observation has not been reported
in children.
There are only four published studies, originating from
two clinics, of children with MN. Chan and Tsao [211 in
their initial report used diffuse thickening of the glomerular
capillary basement membrane as the only criterion for the
diagnosis of MN. EM and silver impregnation stains were
not performed. At least one and maybe two of the live
biopsy specimens shown in their publication reveal marked
glomerular cell proliferation. The possibility exists therefore
that these two children had membranoproliferative glomer-
ulonephritis instead of MN. A more recent study from the
same clinic [22] is more discriminative.
The other publications describing a significant number of
children with MN are those of Habib [16] and Habib and
Kleinknecht [17]. Comparison of their data with those
obtained from adult patients suggests a better prognosis for
children, but no conclusion regarding this possibility was
reached by the authors.
An important feature of MN appears to be a greater
tendency toward remission in children than in adults. Three
(33%) of our nine children have stayed in remission for
I to 5 years. Lasting disappearance of proteinuria occurred
in 12(29%) of the 41 children observed by Habib [16, 17],
as contrasted with only two (12%) of the 17 adults followed
by Forland and Spargo [3] or 5 (15%) of the 33 patients
reported by Jennings, Franklin and Earle [6]. Those very
few remissions that have been documented in adults
developed later in the course, usually several years after
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clinical onset [7, 23]. In our series remission in the three
patients occurred between six and twelve months after the
clinical onset of the disease.
Another characteristic of MN in children as opposed to
adults is its apparently lesser impact upon renal function.
Nine of the 19 adult patients reported by Forland and
Spargo [31 were dead, seven of them in renal insufficiency,
after an average period of 5—7/12 years, and 23 out of
33 patients followed by Jennings, Franklin and Earle were
in renal failure within 1 to 14 years [6]. In contrast only 4
out of the 41 children reported by Habib had an unfavorable
course during a follow-up ranging from 1 to 18 years [16],
and six of the nine children reported here have had normal
creatinine clearances despite having had the disease for at
least one and as long as 8 years.
Of particular significance is the fact that one of our
three patients in prolonged remission with normal renal
function showed definite evidence of healing on renal
biopsy. It should, however, be emphasized that residual
thickening and distortion of the glomerular capillary mem-
brane may persist, maybe indefinitely. Nevertheless, the
process seems to be arrested. To our knowledge this is
the first time that histological improvement has been
documented in a child with MN.
A possible direct correlation between the presence of new
electron-dense deposits and clinical relapse is suggested
by the fortuitous evidence obtained in one of the patients
in whom renal biopsy preceded by one day the reappearance
of proteinuria.
Age and blood pressure at the time of onset may prove
to be of possible prognostic significance. In this small
series, an age below 9 years and normal blood pressure was
associated with a good prognosis, whereas an age above
10 years and hypertension indicated a serious outcome.
Quantitative differences between initial edema, proteinuria,
pyuria, casts, hypoalbuminemia, and hypercholesterolemia
showed no correlation with the subsequent course.
Efficacy of treatment in MN has not been proved. Habib,
and Habib and Kleinknecht [16, 17] reported that 4 of
24 children treated with prednisone and 4 of 21 treated with
cytotoxic drugs went into remission, but 4 of 7 others did
so without treatment. The great majority of reports [2, 3, 13,
15, 18, 23, 24] offer no comparison between treated and
untreated patients. In one article [231 in which claims of
successful treatment are made, the improvement developed
late, sometimes years after discontinuation of the therapy,
making it difficult to accept any causal relationship
between the two events. Our observations do not allow
any conclusion regarding the impact of steroid or im-
munosuppressive therapy on the clinical course of the
disease.
Evaluation of the true frequency of MN requires histo-
logic examination of the kidney in all patients with idio-
pathic NS, proteinuria, and hematuria. If, for example,
only those patients with the NS who fail to clear their urine
of protein are selected for biopsy, some patients with MN
will be missed. As the missed ones likely are those with a
good prognosis, such a biased selection will tend to over-
estimate the severity of the disease. As a consequence, MN
will continue to be described as a condition characterized
by progression to complete destruction of the functional
renal parenchyma. Our observations in an unselected
group of children show, however, that MN need not have
an ominous prognosis in children, particularly in the
younger age group.
Appendix
Group 1. Patients with Renal Insufficiency. 1. H. S., a
black boy, developed moderate edema in December, 1965
at the age of 10—6/12 years, one week after a mild upper
respiratory tract infection. Admitted to a local hospital,
he was found to excrete 2.6 g of protein in 12 hours, together
with pathologic amounts of RBC's, WBC's, and casts.
Serum albumin was 2.4 g/100 ml and cholesterol was
382 mg/100 ml. The creatinine clearance was 200 mI/min/
1.73 m2. The blood pressure initially was 140/100mm Hg,
but returned to normal following treatment with hydralazine
and reserpine. During six weeks of treatment with predni-
sone (60 mg/m2/day), edema disappeared but proteinuria
and excretion of blood cells and casts persisted. Treatment
with 6-thioguanine 1.5 mg/m2/day for 2 months, and with
prednisone (60 mg/rn2 on 3 days out of 7) for 3 months,
did not result in any change of the abnormal urinary
findings. Serum creatinine at that time was 0.7 mg/100 ml
and the clearance of inulin 130 rnl/min/1.73 m2. From
February to October, 1968 the patient was lost to follow-up.
When seen again he had a blood pressure of 270/170mm Hg,
with blurred vision and bilateral papilledema with retinal
exudates. After several weeks of treatment with hydralazine,
reserpine and methyldopa, the blood pressure returned to
normal. In January, 1969, serum creatinine was 2.1 mg/
100 ml and the creatinine clearance 70 ml/min/1.73 rn2.
Despite good control of blood pressure, renal function
continued to deteriorate. At the last examination in
November, 1971, serum creatinine was 4.7 mg/100 ml,
albumin 3.0 g/100 ml, cholesterol 270 mg/100 ml and the
creatinine clearance 20 ml/min/1.73 m2. Renal biopsies were
performed in January, 1966, March, 1967 and January,
1968.
2. D. L., a 15 year old white girl, was admitted to another
hospital in December, 1970, with mild NS, severe hyper-
tension and microscopic hematuria. The hypertension
reportedly was controlled by hydralazine and reserpine.
When therapy with prednisone (60 mg/m2/day for 28 days,
followed by 28 days of 40 mg/rn2 on 3 out of 7 days) was
not accompanied by any improvement of the urinary
findings, she was referred to us. At that time, a 12 hr urine
collection showed 1.6 g protein, 1.8 million RBC's, 3.6 mil-
lion WBC's and 360,000 casts. Her blood pressure was
160/115 mm Hg, and fundoscopy of the eyes revealed mild
bilateral blurring of the optic discs. Serum creatinine was
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1.5 mg/100 ml, albumin 2.0 g/100 ml, cholesterol 343 mg/
100 ml. The clearance of creatinine was 33 ml/min/l.73 m2.
Cyclophosphamide (2mg/kg/day) was given for nine months
without change in signs or symptoms. In November, 1971,
the parents decreased the hydralazine dosage from 80 to
10 mg/day and blood pressure again rose to 160/110mm Hg.
The child developed headaches, dizziness, abdominal pain
and was found to be hyperreflexive. With increased
amounts of hydralazine, the blood pressure decreased and
the general condition improved. The patient is still mildly
edematous, and the serum creatinine is 3.2 rng/100 ml. The
amount of protein, blood cells and casts in urine is un-
changed and the clearance of creatinine has dropped to
22 ml/min/1.73 rn2. Renal tissue was obtained by needle
biopsy in December, 1970 and again in July, 1972.
3. R.R., a 15—9/12 year old white boy developed mod-
erate edema with gross hematuria in December, 1970, 4 days
after a sore throat. When admitted to a local hospital, his
blood pressure was 120/60 mm Hg. His urine contained
2.8 g protein in 12 hr, he had microscopic hematuria and
a serum albumin of 1.4 g/100 ml. Following treatment with
hydrochlorothiazide, edema disappeared but recurred
6 weeks later after another soie throat. In March, 1971
he was referred to us. At that time he was excreting in his
urine 5.2 g protein, 500,000 RBC's, 20 million WBC's, and
1.8 million casts in 12 hr. Serum creatinine was 1.2 mgI
100 ml, albumin 1.6 g/100 ml, and cholesterol 600 mgi
100 ml. Neither daily therapy (60 mg/rn2 for 28 days) nor
subsequent intermittent treatment (40 mg/rn2 on 3 out of
7 days for 6 months) with prednisone resulted in improve-
ment. Edema, including ascites, became so severe that
infusions of salt-poor albumin and furosemide had to be
administered repeatedly. The last creatinine clearance in
May, 1972 was 24 ml/min/l.73 m2. Renal biopsy was
performed in April, 1971.
Group 2. Patients with Partial Clinical Remission and
Normal Renal Function. 1. A,W., a black girl, developed
severe edema in January, 1964 at the age of 8—5/12 years,
and was admitted to our hospital with marked ascites and
bilateral pleural effusion. A 12 hr urine specimen contained
1.3 g of protein, 27 million RBC's, 3 million WBC's, and
240,000 hyaline and granular casts. Serum albumin was
1.2 g/100 ml and cholesterol 500 mg/100 ml. Treatment was
begun with prednisone 60 mg/m2/day for 28 days, followed
by 40 mg/rn2 on 3 out of 7 days for 5 months, then 20 mg/rn2
on 3 out of 7 days for 3 months. Edema, ascites and pleural
effusions disappeared 2 months after clinical onset during
treatment with chlorothiazide and spironolactone. Urinary
abnormalities, hypoalbuminemia, and hypercholesterolemia,
persisted. Proteinuria and hematuria decreased slowly over
the years and vary now around 700mg and 3,000,000 RBC's/
12 hr respectively; serum albumin fluctuates between 2.5
and 3.0 g/100 ml, and cholesterol between 150 and 300 mgi
100 ml. Clearances remain normal (creatinine 135, urea 68,
inulin 130, PAH 650 ml/min/1.73 m2). A first biopsy was
performed in March, 1964 and a second one 41/2 years later.
2. B.D., a white girl of 14—3/12 years of age, developed
severe edema with marked ascites and mild bilateral pleural
effusions in June, 1968. Increased urinary protein excretion
varying between 1.5 and 3.5 g/12 hr, microscopic hernaturia,
pyuria and many granulated casts were documented at
another hospital. Serum albumin was 1.0 g/100 ml and
total lipids 1100 mg/100 ml. Prednisone was given at a
dosage of 65 mg/m2/24 hours for 5 weeks, followed by
alternate day administration of 100 mg/m2 for I month,
50mg/rn2 for 4 months, and 90 mg/rn2 for another 4 months.
The symptoms remained unchanged. Administration of
chlorothiazide and spironolactone resulted in resolution
of edema. In January, 1969, when the patient was admitted
to our hospital, a 12 hr urine collection contained 500 mg
protein, 10 million RBC's 20 million WBC's, and 400,000
casts. Serum albumin was 2.3 g/100 ml and cholesterol was
435 mg/100 ml. The girl was treated with azathiopiine,
60 mg/m2/day, and prednisone, 2.4 mg/day, for 1 year
without change in signs and symptoms. Since proteinuria
persisted, cyclophosphamide (2 mg/kg/day) was initiated
in May, 1971 and given for 2 months. No change in status
was observed. A 12 hr collection of urine obtained in
September, 1971 contained 1.3 g protein, 10 million RBC's,
I million WBC's and 2.5 million casts. Serum albumin was
2.0 g/100 ml, cholesterol 370 mg/100 ml, creatinine clearance
152 and urea clearance 75 ml/min/1.73 m2. Two renal
biopsies were performed on this patient one at one month
and the other at 2—4/12 years after the clinical onset of the
disease.
3. T.McD., a 11—10/12 year old male patient was in
good health until May, 1971, when albuminuria was disco-
vered on routine examination. A urinalysis performed 4 years
earlier, revealed no abnormalities. At the time of his first
examination in our Kidney Diagnostic Center, in November
of 1971, the serum creatinine was 0.7 mg/100 ml, the BUN
was 18 mg/l00 ml, the urea clearance was 75 ml/min/l.73 m2
and the creatinine clearance 128 ml/min/l .73 m2. The amount
of protein in a 12 hr overnight urine specimen was 613 mg,
and the number of red cells was 32 million. /I1C globulin
was normal, total serum protein 6.2 g/100 ml, serum albu-
min 4 g/100 ml, and cholesterol 245 mg/100 ml. In Decem-
ber, 1971, the patient was admitted to the hospital. The
intravenous pyelogram, which is performed routinely just
prior to renal biopsy, revealed a left hydronephrosis with
obstruction at the ureteral pelvic junction. Renal tissue was
obtained from the right kidney and the diagnosis of MN
was made. The patient was readmitted in January, 1972
for corrective surgery of his urologic problem. The biopsy
of the left kidney, which was taken at the time of surgery,
also revealed membranous nephropathy. He continued to
spill protein and red cells in his urine in amounts similar to
those mentioned above.
Group 3. Patients in Prolonged Remission. 1. N. K., a
4—4/12 year old white boy, developed moderate edema in
September, 1965. Admitted to another hospital, he was
found to have NS with microscopic hematuria, and
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treatment with prednisone (30 mg/m2/day) was initiated.
The symptoms persisted and at the end of 4 weeks the
dosage was increased to 120 mg/m2/day. Edema disappeared
within 5 days, but the patient complained of nightmares,
and prednisone was discontinued 1 week after the increase
in dosage. Proteinuria disappeared in March of 1966
without further treatment, but reappeared after 2 weeks,
and the patient was referred to us. A 12 hr collection of
urine contained 700 mg protein, I million RBC's and
500,000 WBC's. Serum albumin was 3.6 g/100 ml and
cholesterol 490 rng/100 ml. In May, 1966 therapy with
prednisone was again initiated (60 mg/m2/day). The patient
became protein-free within 10 days but hematuria persisted.
Seven weeks later proteinuria recurred and lasted until
December, 1966, when a new course of treatment with
prednisone was initiated (60 mg/m2/day for 4 weeks). The
urine became again protein-free after 15 days. Intermittent
prednisone was thereafter given for 2—3/12 years. Micro-
scopic hernaturia disappeared in March, 1967. No relapse
has occurred since. Serum albumin has remained within
normal limits since December of 1966, cholesterol has
varied around 200 mg/100 ml and the last clearance of
creatinine in 1972, was 143 ml/rnin/1.73 m2. Biopsies were
repeated 2 months, 3—3/12 years and 4—9/12 years following
clinical remission.
2. G. T., a black girl, developed mild edema in November,
1966, at the age of 8—8/12 years. Edema disappeared but
recurred spontaneously several times and she did not seek
medical care until May, 1967, when she was admitted to
our hospital with marked ascites. A 12 hr urine collection
at that time contained 4.8 g protein, 36 million RBC's,
40 million WBC's, and 400,000 hyaline and granular casts.
Serum albumin was 1.0 g/l00 ml, cholesterol 500 mg/i 00 ml.
During treatment with prednisone (60 mg/m2/day for
28 days followed by 40 mg/rn2 on 3 out of 7 days for
another 28 days) the signs and symptoms remained un-
changed. Edema disappeared one month later during
treatment with furosernide. Another course of treatment
was initiated in July, 1967. Azathioprine (60 mg/m2/day)
was given for 3 months, and prednisone, 60 mg/m2/day was
administered for 28 days, followed by 40 mg/rn2 on 3 out
of 7 days for 8 months. Proteinuria disappeared in No-
vember, 1967, hematuria and pyuria disappeared in January,
1969. Serum albumin returned to normal in September,
1967, and cholesterol was normal in February, 1968. The
clearance of creatinine was 140 ml/min/1.73 m2 in July,
1970. Biopsies were done initially and then repeated at
3 months and 1—5/12 years after the normalization of the
urinary sediment. One day after the last biopsy, protein
reappeared in the urine and persisted for at least 10 days
when a quantitative examination disclosed 480mg in a 12 hr
specimen. The patient was then lost to follow-up.
3. A.L., a 2—3/12 year old white girl developed moderate
edema in September, 1970. Edema disappeared spon-
taneously within a few days but reappeared 1 month later.
At another hospital, NS with microscopic hematuria was
diagnosed and therapy with prednisone was initiated
(60 mg/m2/day for 28 days followed by 40 mg/m2 on 3 days
out of 7 for 21 days). Edema disappeared 1 week after the
begining of treatment, proteinuria decreased, but hematuria
persisted. Four months after clinical onset the patient was
referred to our hospital. At the time she was not edematous
but a 12 hr urine specimen contained 560 mg protein,
5 million RBC's and 700,000 WBC's. Serum albumin was
3.8 g/100 ml and cholesterol 300 mg/100 ml. A second
course of prednisone (60 mg/m2/day) was begun. Within
5 days the blood pressure rose from 90/60 to 150/100 mm
Hg. Prednisone was then decreased to 40 mg/m2/day on
3 days out of 7, and blood pressure returned to normal.
Proteinuria and hematuria disappeared 10 days after
starting the treatment. One week later, during a febrile
episode of upper respiratory tract infection, mild proteinuria
recurred but disappeared again 5 days later without change
in therapy. Intermittent prednisone was discontinued
3 weeks after it was begun, and the patient has remained in
remission since (1 year). At the last examination serum
albumin was 3.7 g/l00 ml cholesterol was 190 mg/100 ml,
and creatinine clearance was 156 ml/min/l.73 m2. Biopsy
of the kidney was performed in January, 1971.
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